Nontyphoidal Salmonella causes a higher proportion of food-related deaths annually than any other bacterial pathogen in the United States. We reviewed 4 years (1996-1999) of population-based active surveillance data on laboratory-confirmed Salmonella infections from the Emerging Infections Program's Foodborne Diseases Active Surveillance Network (FoodNet), to determine the rates of hospitalization and death associated with Salmonella infection. Overall, 22% of infected persons were hospitalized, with the highest rate (47%) among persons aged 160 years. Fifty-eight deaths occurred, for an estimated annual incidence of 0.08 deaths/100,000 population. These deaths accounted for 38% of all deaths reported through FoodNet from 1996 through 1999, and they occurred primarily among adults with serious underlying disease. Although Salmonella infection was seldom listed as a cause of death on hospital charts and death certificates, our chart review suggests that Salmonella infection contributed to these deaths.
Each year in the United States, nontyphoidal Salmonella, which is one of the most common bacterial pathogens, accounts for ∼1.4 million foodborne infections and roughly one-quarter (26%) of the ∼323,000 hospitalizations for foodborne infections [1, 2] . It is estimated that food-related Salmonella infections cost $0.5-$2.3 billion annually; deaths account for much of this cost [2] . However, few data are available to definitively attribute the high cost of these deaths to foodborne salmonellosis, because infected patients frequently have severe underlying diseases. 
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We reviewed population-based active surveillance data on laboratory-confirmed Salmonella infections ascertained during 1996-1999 in the Emerging Infections Program's Foodborne Diseases Active Surveillance Network (FoodNet) to determine the rates of hospitalization and death associated with Salmonella infection. In addition, to determine the proportion of persons who died as a direct result of their Salmonella infection, we conducted a follow-up survey of persons who died in 1996.
FoodNet was established in 1995 as a collaborative effort among the Centers for Disease Control and Prevention (CDC), selected state health departments and their academic partners, the US Department of Agriculture's Food Safety and Inspection Service (FSIS), and the US Food and Drug Administration. FoodNet conducts active surveillance for foodborne pathogens to better determine the burden of foodborne illness in the United States. FoodNet personnel ascertain cultureconfirmed infections of 7 bacterial foodborne pathogens by communicating monthly with all clinical lab- oratories in FoodNet surveillance areas (also known as "FoodNet sites"). In 1996, FoodNet conducted active surveillance in 5 FoodNet sites (Minnesota, Oregon, and selected counties in California, Connecticut, and Georgia). Between 1996 and 1999, the Foodnet surveillance population expanded to include the populations of the entire state of Georgia, the entire state of Connecticut, and selected counties in Maryland and New York, increasing from 14.3 million persons to 25.8 million persons.
METHODS
In identifying culture-confirmed cases of Salmonella infection from FoodNet data for 1996-1999, adults were defined as persons aged у20 years. For patients with multiple isolates, we used the most invasive isolate in our analysis. We defined the case-fatality rate among cases for which outcome was recorded. We conducted the study in accordance with guidelines for human research as specified by the US Department of Health and Human Services.
Outpatients were monitored for 7 days after the date of culture-specimen collection, to determine whether they were hospitalized or died; hospitalized patients were monitored until they were discharged or died. Deaths were assessed by medical chart review or by interviews with physicians, hospital infection-control practitioners, or next of kin, depending on the site and the availability of information. Data were entered, transmitted to CDC using the Public Health Laboratory Information System, and analyzed with SAS software, version 6.12 (SAS) [3] . In addition, for those patients who died of Salmonella infection in 1996, hospital records were reviewed in depth by FoodNet staff using a standardized chart review form that collected detailed information, including symptoms, medical history, recent medications, and death-certificate information, when it was available. On the basis of the chart review, chart abstracters gave their opinion as to whether Salmonella infection contributed to deaths. Salmonella isolates from urine were first included in the surveillance data in 1999. Calculations involving particular serotypes were done with data for case patients whose isolates were serotyped; this included 93% of all patients, 95% of hospitalized patients, and 93% of patients who died.
RESULTS
From 1996 through 1999, Salmonella isolates were the second most frequently reported of the FoodNet pathogens, accounting for 11,225 (33%) of the 34,296 bacterial isolates (table 1). The proportions of infections due to other pathogens were as follows: Campylobacter, 44% of isolates; Shigella, 15% of isolates; Escherichia coli O157:H7, 5% of isolates; Yersinia, 2% of isolates; Listeria, 1% of isolates; and Vibrio, 0.5% of isolates. Excluding the 100 Salmonella isolates without a recorded specimen source, 91% were cultured from stool, 6.5% from blood, and 1.5% from urine. However, in 1999, when urine isolates were first included, 89% of Salmonella isolates were cultured from stool, 6% from blood, and 4% from urine. The 758 invasive Salmonella infections accounted for 57% of the 1335 invasive infections caused by the 7 bacterial pathogens. Salmonella infections accounted for 38% of the 153 deaths associated with these 7 pathogens (table 1). We were able to ascertain the hospitalization status for 9905 (88%) of patients with Salmonella infections. Of these, 22% were hospitalized: 76% at the time of specimen collection and 24% within 7 days after specimen collection. The median length of hospitalization was 3 days (range, 1-190 days). The highest rate of hospitalization was among persons aged у60 years (47%), and the next highest rates were among persons aged 50-59 years (26%) and infants (25%) ( Whether or not the patient died within 7 days of culture collection was determined for 80% of all persons with Salmonella infection (9026 of 11,225), including for 88% of the 8275 patients who were outpatients at the time of culture collection and for 97% of the 1629 patients who were inpatients. There were 58 deaths, resulting in a case-fatality rate of 0.6% among the 9026 persons with known outcome. The case-fatality rate ranged from 0.9% in 1996 to 0.4% in 1998 but did not decrease significantly. This overall case-fatality rate did not differ significantly between men (0.6%) and women (0.7%). The case-fatality rate was highest (3.5%) among persons aged у60 years and lowest among persons aged !20 years (table 2). Most of these fatal Salmonella infections (33 [57%] of 58) were invasive. Serotype specific case-fatality rates were not robust enough to make meaningful comparisons. However, the most common serotypes isolated from patients who died were Typhimurium (from 50% of patients), Heidelberg (7%), Enteritidis (7%), Dublin (3%), and Newport (3%). With the exception of serotype Dublin, these serotypes were also the most common serotypes isolated from all cases of Salmonella infection. However, the rate of isolation of serotype Typhimurium was proportionally higher for those who died.
Sixteen deaths among persons with Salmonella infections were reported through FoodNet active surveillance in 1996. Medical histories were available for 15 of the decedents. Their ages were 22-87 years: 6 were aged 40-49 years and 5 were aged у70 years, and 8 were men (table 3). All of these patients were hospitalized. Of those with information available on symptoms before hospitalization, 53% had a fever, 43% had abdominal cramps, 40% had diarrhea, 21% had bloody stool, and 15% had vomiting. Two decedents had recurrent Salmonella infections. Salmonella was isolated from у2 sources in 5 decedents: blood and stool in 3; blood and urine in 1; and blood, urine, and stool in 1. Salmonella was isolated from blood alone in 8 (53%) of the decedents, from stool alone in 1 (7%), and from peritoneal fluid in 2 (7%). S. Typhimurium was isolated from 6 of 14 decedents from whom the infecting serotype was known. Most deaths occurred among patients with major medical problems, including 3 infected with HIV, 3 with cancer or leukemia, and 2 with cirrhosis or alcoholism. Six of those who died were reported to have taken antimicrobial agents before symptom onset, and 13 received antimicrobial agents for treatment of their Salmonella infection. The median duration of illness caused by the Salmonella infection before death was 19 days (range, 1-122 days). The median duration of hospitalization was 6 days (range, 0-122 days). Eight decedents had medical complications recorded during their hospitalizations, including electrolyte imbalance, pneumonia, and cardiorespiratory failure. Salmonella infection was judged by the chart reviewers to have been responsible for or to have contributed directly to the deaths of 14 of 15 decedents with medical histories available (table 4) . However, Salmonella infection was specifically listed as a cause of death on only 6 hospital charts and only 4 death certificates.
DISCUSSION
Through our analyses, we found that Salmonella infection accounted for more deaths than did infection with any other bacterial pathogen under FoodNet surveillance during 1996-1999. The 1996 chart review data indicated that, among the persons who died with Salmonella infection, the organism contributed to the deaths of most of the patients. Our overall casefatality rate of 0.6% for culture-confirmed Salmonella infections is lower than a previous estimate [4, 5] . However, Salmonella infection was included as a cause of death on fewer than onehalf of the death certificates or hospital charts, which suggests that the number of deaths caused by Salmonella is greatly underreported. Deaths caused by Salmonella occurred primarily among adults with serious underlying disease.
Salmonella continues to be a common pathogen that can cause severe and costly illness. Our data demonstrate that, although only 11% of infections occurred among persons aged у60 years, 23% of Salmonella-related hospitalizations and 59% of Salmonella-related deaths occurred in this age group. These rates are of particular concern, because only 16% of the FoodNet population was aged у60 years during this time, and the proportion of the population in this age group is projected to increase in upcoming years. Earlier work has suggested that persons with weakened immune systems and those who have recently received antimicrobial agents are at higher risk for Salmonella infection [10] . Our chart-review data suggest that these same groups are also at increased risk for death. Immunocompromising conditions or chronic illnesses that can be immunocompromising were documented in all of those who died with Salmonella infection, and 6 of 15 had received an antimicrobial agent before the onset of illness. A high proportion of persons who died with a Salmonella infection had an invasive infection. Although most Salmonella infections resolve without antimicrobial treatment, such therapy can be life-saving for persons with invasive Salmonella infections [7] . Thirteen of 15 decedents with chart-review data available were treated with antimicrobial agents while hospitalized. The Salmonella isolates from the patients who died were not available for susceptibility testing, so it is not known whether antimicrobial resistance influenced the outcome for these patients. Antimicrobial resistance among Salmonella isolates has been increasing, and this increased resistance can affect clinical outcome [7] [8] [9] [10] .
Of the estimated $0.5-$3.2 billion in annual costs attributed to Salmonella infection in the United States, fatal cases cost $0.5-$3.8 million each, and each hospitalization may cost at least $5460 [2] . Costs associated with Salmonella infections stem mainly from the price of medical care and lost productivity, particularly for those who die [2] . Most persons who died of Salmonella infection in 1996 were hospitalized for ∼1 week, and many had complications. Although preventing infections would be the most efficient method of reducing costs and morbidity, efforts to reduce the number of hospitalizations or the length of hospitalization could significantly reduce the costs of Salmonella infection.
Most salmonellosis is transmitted through food, and much of the increase in the number of Salmonella infections during the 1970s and 1980s was associated with changes in slaughter and food-production practices [10] . In particular, S. Typhimurium is commonly found on cattle, swine, and chicken carcasses, as well as in ground beef and ground pork [11] . From 1987 through 1997, S. Typhimurium was the most common serotype reported to the CDC and accounted for 23% of all reported Salmonella isolates [6] . Similarly, in our review, S. Typhimurium was the most common Salmonella serotype isolated from patients with fatal Salmonella infections. However, the higher rates of hospitalization among patients infected with other serotypes, such as Choleraesuis and Dublin, demonstrated the increased virulence potential of certain serotypes [5, 6] . These differences merit further study with larger numbers of patients.
Efforts to reduce the rates of severe morbidity and death from bacterial foodborne diseases should continue to include Salmonella as a major focus. A focus on measures to prevent or reduce levels of the bacterial contamination of meat, poultry, and other food products before consumer handling, such as pathogen-reduction plans with control points on farms and feedlots, in transport, and in slaughter and processing operations, could reduce the number of cases of foodborne Salmonella infection. Specifically, the effective implementation of the FSIS Pathogen Reduction/Hazard Analysis Critical Control Point (HACCP) systems regulations in meat and poultry slaughter and processing plants likely contributed to decreases in the prevalence or levels of Salmonella in meat and poultry products [12] . Since its implementation in 1997, the Pathogen Reduction-HACCP systems regulations have led to a decrease in the prevalence of Salmonella in FSIS-regulated products [13] . Contaminated food can be made safe for consumption by pasteurization, irradiation, or proper cooking; such processes are especially important for higher-risk foods, such as ground beef, and for vulnerable populations, such as persons aged у60 years, persons in nursing homes, and infants aged !1 year. At restaurants, the mandatory training and certification of food handlers could improve the safety of menu items. Retail food stores can increase the safety of items they sell by requiring suppliers to implement a food-safety plan that includes microbiological testing. At the consumer level, prevention efforts, such as intensified food-safety education for the public on proper handling and consumption practices, particularly among high-risk groups, could help reduce the number and severity of illnesses. Efforts at each of these levels are needed to reduce the burden of Salmonella infections and the resultant hospitalizations and deaths.
